The present study aimed to quantify the content of trans-cinnamic acid (CA) in Cinnamomum japonicum, C. loureirii, and C. camphora and the commercial application of CA using high performance liquid chromatography (HPLC). A C18 column was used, with water/methanol as the mobile phase gradient. The highest content of CA was observed in the bark of C. loureirii (16.97 mg/g) and cinnamon powder A (47.60 mg/g). The lowest content of CA was observed in leaf and heartwood of C. japonicum (0.10 and 0.10 mg/g, respectively) and cinnamon powder C (22.87 mg/g). This result could be utilized as a guideline for the analysis of the commercial applications of Cinnamomum.
Introduction
Cinnamomum spp., which belongs to the Lauraceae family, is an evergreen dicotyledon that includes C. loureirii, C. camphora, and C. japonicum species. Lauraceae includes about 55 genera and more than 2000 species, which are generally grown in warm, tropical, and mild climates [1] [2] . Lauraceae has diverse commercial applications such as food supplements and pesticides. Previous research has demonstrated that the oils of the Himalayan Lauraceae species show anti-oxidant and anti-bacterial properties [3] . Moreover, the essential oils of Lauraceae tree leaves have been screened for cytotoxicity activity [4] .
Preparation of Standards and Samples
The CA was weighed and dissolved in 100% MeOH to obtain a stock standard (1.0 mg/mL). CA aqueous solutions were prepared in concentrations of 100, 10, 1, 0.1, and 0.01 mg/mL for the calibration curve. Then 10.1 g of C. loureirii bark was extracted with 250 mL MeOH, and 10 g of each commercial cinnamon powder sample was extracted with 200 mL MeOH under reflux and evaporated in vacuo. Cinnamomum spp. extracts were dissolved in 1 mL of MeOH and were filtered with a 0.45-μm syringe filter. The dissolved solutions were used for HPLC analysis.
HPLC Conditions
The quantitative analysis of CA separated by HPLC was performed by using a reverse phase system. Discovery C18 column (250 mm × 4.6 mm, particle size 5 μm) was used, and a mobile phase was a gradient of water and MeOH (20% to 100% over 30 min). An aliquot volume of 10 μl was eluted with a gradient solvent system at a flow rate of 1 mL/min. UV detection was conducted at an absorbance of 280 nm. The flow rate was 1 mL/min.
Calibration Curve
CA stock solutions (100 -0.01 μg/mL) were prepared in MeOH. The CA contents of the samples were determined from the corresponding calibration curves. The calibration functions of CA were calculated by using the peak area (Y), concentration (X, μg/mL), and mean values (n = 5) ± standard deviation (SD; Figure 2 ).
Results & Discussion
The CA contents of Cinnamomum spp. and commercial cinnamon powder are shown in Table 1, Table 2 , and Figure 3 . The CA concentration in the bark of C. loureirii was determined to be 16.97 mg/g of the extract (Omniherb), and that in the leaf of C. loureirii was 2.50 mg/g of extract. The CA concentrations in the bark, leaf, and heartwood of C. camphora, and C. japonicum (KRIBB) were detected to be 0.31, 0.26, and 0.69 mg/g of extract and 0.23, 0.10, and 0.10 mg/g of extract, respectively ( Table 1) . Thus, the CA content of C. loureirii was higher than that of the other Cinnamomum spp. CA also can be found in cinnamon, virgin olive oil, Viola betonicifolia, and strawberries. Previous research has demonstrated that strawberries contain 2.91 to 4.97 μg/g of CA in accordance with maturation stages. Immature green strawberries contain the highest content of 4.97 μg/g [14] [22] . Propolis, also known as bee glue, contains 1% -1.5% CA [23] .
Among the three samples of commercially available cinnamon powder, the content of CA was the highest in cinnamon powder A (47.60 mg/g; Table 2 ). The CA content in all of the powders was higher than that in Cinnamomum spp. Generally, cinnamon refers to several Cinnamomum spp., and thus percentage values can vary. For examples, a previous study determined that the CA content of the oils of four Cinnamomum spp. compositions differed [24] . In addition, commercially produced cinnamon powder includes two types of Cinnamomum trees: true cinnamon (C. verum) and cassia (C. aromaticum). Therefore, the results of CA content analysis can differ [5] .
Various studies have been conducted on cinnamon derivatives in commercial products. Ultra performance liquid chromatography (UPLC) has been used to analyze the coumarin content in cinnamon contained in food y = 10126x -11513 R² = 1 0.00 2,000,000.00 4,000,000.00 6,000,000.00 8,000,000.00 10,000,000.00 12,000,000.00 products such as breakfast cereal, bakery products, desserts, crisp bread, and tea. In addition, gas chromatography-flame ionization detection (GC-FID) was used to quantitatively determine the concentrations of cinnamaldehyde, cinnamylalcohol, and salicylaldehyde in cinnamon contained in biopesticides [25] [26] . Moreover, the therapeutic potential of CA has been reported. For example, CA and its derivatives have been used for α-glucosidase inhibition, and CA showed that anti-auxin effects in plants can be utilized as pesticides [15] [27] [28] . The CA contents in the Cinnamomum spp. extracts and in the cinnamon powder were quantified by using a Data is represented as the mean ± SD (n = 3) in mg/g of the extract. 1 The bark of C. loureirii was purchased from Omniherb. 2 The MeOH extracts were purchased from KRIBB. Data is represented as the mean ± SD (n = 3) in mg/g of the extract.
calibration curve. Its data for the extracts confirmed a good linear relationship, and the resulting equations were operational in the concentration range. The linear calibration equation is Y = 10,126 X − 11,513, where Y is the peak area and X is the content of CA. The correlation coefficient (r 2 ) was 1 (Figure 2) . The contents of CA in Cinnamomum spp. and in commercially available cinnamon powder were determined by using HPLC. Our results demonstrated that this simple method gives rapid and accurate results. And our results can be utilized as a guideline for analysis of CA in Cinnamomum spp. and its powders.
